Introduction
Arterial compliance and distensibility are vessel wall properties which are important for the early detection of atherosclerotic risk. Compliance and distensibility are defined as the absolute respectively relative increase in arterial volume for a given increase in arterial pressure. Assuming that the change in volume is due to a change in arterial crosssection rather than a change in arterial length, crosssectional compliance (CC) and distensibility (DC), defined as absolute respectively relative changes in arterial cross-sectional area divided by the change in arterial pressure, are simplified representatives of compliance and distensibility. 1 An unfavourable change in dynamic arterial wall properties of various arteries is found in populations with cardiovascular risk factors such as hypertension, 2, 3 smoking, 4 diabetes mellitus 5 and in patients with cerebrovascular disease. 6 A low CC is associated with a high pulse pressure and a high end-systolic wall stress, both involved in the development of carCorrespondence: F van den Berkmortel, Department of Medicine, Division of General Internal Medicine, University Hospital Nijmegen, P.O. Box 9101, 6500 HB Nijmegen, The Netherlands Received 14 September 1997, revised and accepted 23 January 1998 the above-mentioned parameters. Measurements were performed twice during one visit and twice again with a time interval of at least 3 days to determine intraobserver intra-and intersession variability. Results: Reproducibility figures of CC and DC of the CCA varied between 8 and 12%, and between 13 and 22% for the CFA. Intra-observer intra-and intersession variability were similar in the three groups. Conclusions: In our studies the reproducibility of dynamic vascular wall properties determined by ultrasound was good. Despite differences in the absolute values for CC and DC in groups with increased cardiovascular risk, mean reproducibility figures remained at a similar level (8-12%) as in healthy volunteers. diovascular disease. A decreased DC means a stiffer artery which may be more susceptible for lesions.
Recently, the group of Hoeks and Reneman [7] [8] [9] [10] developed a vessel wall movement detector system to measure the CC and DC of peripheral arterial walls. This device employs radiofrequency signals of tracking sample volumes to measure diameter (D) and diameter changes (⌬D) during the cardiac cycle.
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Electrocardiography (ECG) signals are recorded simultaneously to define the systolic and diastolic phase of the cardiac cycle. By means of mathematical calculations using brachial pulse pressures (⌬P), measured non-invasively using a semi-automated oscillometric device, CC and DC can be calculated. Reproducibility figures varied from 10 to 15% for CC and DC of the common carotid, common femoral and brachial arteries in 10 healthy adults. 7 Thus reproducibility figures are based on measurements in a selected healthy group. The question is whether these data can be applied to the population of interest, ie, the more heterogeneous subjects with one or more cardiovascular risk factors or established atherosclerosis. Therefore we evaluated reproducibility in adults with increased cardiovascular risk in comparison with age and sex-matched healthly controls.
Materials and methods

Subjects
Intra-observer intrasession (IA) and intra-observer intersession (IE) variability were investigated in 13 persons (group A) not known with any cardiovascular risk factor, nine (group B) known with one, and 12 persons (group C) known with at least two cardiovascular risk factors. These persons were selected at random from the out-patient clinic. Cardiovascular risk factors are defined as respectively, smoking (at least one cigarette every day for at least 5 years). hypercholesterolaemia (fasting cholesterol Ͼ6.5 mmol/l), untreated or insufficiently treated hypertension (systolic blood pressure (BP) Ͼ160 and/or diastolic BP Ͼ95 mm Hg; measured on two separate occasions after at least 5 min of supine rest), history of cardiovascular disease (cerebral, coronary or peripheral artery disease), and obesity (body mass index (BMI) Ͼ30 kg/m 2 ).
Study design
The study was approved by the Medical Ethics Committee of our hospital. All invited subjects agreed to volunteer for the study and gave informed consent. Participants were not allowed to drink caffeinecontaining beverages for at least 10 h nor to smoke for at least 1 h prior to investigation. Measurements were started after at least 9 min of supine rest. Each session consisted of at least three measurements of arterial diameter changes (during three to five consecutive heart beats) of both common carotid arteries (CCA) and of the right common femoral artery (CFA). Due to time limitations (maximal length of investigation procedure is 45 min) only the right CFA was measured. The head of the subject was turned 45 degrees contralateral from midline position while measuring the CCA. Measurements were performed at the end of expiration. In order to determine IA variability the gel was removed from the body and the participant turned his head to midline position before measurements of the second session were performed. IE variability was determined by measuring the participants twice with a time interval of at least 3 days. Measurements were performed at the same time of the day to avoid diurnal changes.
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The CCA were measured 2 cm proximal to the origin of the bulb. The right CFA was measured at least 1 cm proximal to the division into the superficial and deep femoral artery.
Methods and equipment
The vessel wall movement detector (wall track system) has been described extensively by the group of Hoeks and Reneman. [8] [9] [10] The system used in the present study is an ultrasound device with a 7.5 MHz transducer (Scanner 200: Pie Medical, Maastricht, The Netherlands) and a data acquisition system, coupled to a personal computer. Briefly, an Mline perpendicular to the B-mode image of the vessel was created. Radiofrequency signals were stored at the end of expiration for about 4 s. ECG signals were recorded simultaneously to define the systolic and diastolic phase of the cardiac cycle. The anterior and posterior vessel wall were manually marked on the first radiofrequency signal. Diameter changes (⌬D) of the vessel under investigation were calculated by measuring the change in phase of the stored radiofrequency signals while the sample gate was adjusted according to the detected displacement. [8] [9] [10] BP was recorded non-invasively every 3 min at the left brachial artery using a semi-automated oscillometric device (Dinamap: Critikon, Tampa, FL, USA) to calculate pulse pressures (⌬P). BP measurements were performed using bladders with identical cuff sizes. Arm circumferences of the patients in this study did not exceed 40 cm and within the range of 25-40 cm the use of different cuff sizes according to arm circumference is questionable. 12 Pulse pressures (⌬P) were calculated by averaging the differences between systolic and diastolic BPs recorded at the left brachial artery during the dynamic measurements of the particular artery. CC and DC were calculated using the following formulas:
Data analysis
Measurements were rejected when a standard deviation of more than 10% of the diameter change in three to five consecutive heartbeats was present. This occurred in less than 10% of the measurements of CCA and in 30% of the measurements of CFA.
IA and IE variability were calculated as the coefficient of variation (CV). 13 . Statistical differences between the mean CV and the absolute values of parameters measured in the different groups were analysed using a Mann-Whitney U test. P values less than 0.05 (two-sided) were considered significant.
Results
In Table 1 the baseline characteristics of the participants are shown. There were no statistical significant differences in age between the three groups although the absolute difference in mean age between participants of groups A and C reached 10 years. In group B, 67% were female compared to 54% and 42% in groups A and C, respectively. In group C four subjects had a BMI above 30 kg/m 3 accounting for the higher index in this group. No significant differences in heart rate registered during the ultrasound measurements were found between groups. There was a significant difference in BP and pulse pressure between group A vs groups B and C due to the presence of hypertensive participants in the latter two groups. In group B five participants were known with hypertension and four subjects smoked cigarettes. From the 12 participants in group C, eight had two, three had three and one had four cardiovascular risk factors (Table 1) . 
; NS = not significant (P Ͼ 0.05); S = significant (P Ͻ 0.05).
IA and IE variability for measurements of the CCA were determined in 34 and 33 subjects respectively. For logistic reasons one subject was only measured once to determine IA variability. IA and IE variability for the CFA was measured in 30 persons. In three subjects the quality of the B-mode image of the CFA was insufficient to perform accurate measurements. For logistic reasons only IA variability for CFA was measured in one subject while in another subject only IE variability was measured.
The CV of D, ⌬D, ⌬P, CC and DC of the whole group are presented in Table 2 . IA variability of both CCA for all measured parameters varied between 1 and 9%. These figures were between 2 and 12% for IE variability. In the CFA IA as well as IE variability was higher compared to reproducibility figures of the CCA and varied between 13 and 22% for DC and CC. The standard error of the mean (s.e.) of all reproducibility figures ranged between 1 and 13%. In Table 3 the mean of D, ⌬P, ⌬D, CC and DC are shown for the whole group. For each subject the mean of all performed measurements is used for further calculations. There were slight although non-significant differences in CC and DC between the right and left CCA. The CFA diameter was greater than the CCA (P Ͻ 0.0001). In the CFA, ⌬D, CC and DC were Table 2 Mean coefficients of variation (%) of intra-observer intra-and intersession variability are presented for the total study population. Between brackets the number of subjects are shown
Investigated artery Coefficient of variation (%) Diameter (D) Pulse pressure (⌬P) Distension (⌬D) Compliance (CC) Distensibility (DC)
Intra-observer intrasession variability Right CCA (n = 34) 1.8 ± 1.0 5.8 ± 3.3 5.5 ± 4.2 8.9 ± 6.0 8.6 ± 5.0 Left CCA (n = 34)
1.4 ± 0.9 5.5 ± 2.9 6.7 ± 3.5 8.4 ± 5.0 9.3 ± 5.0 Right CFA (n = 30) 2.7 ± 1.9 5.0 ± 3.5 12.5 ± 8.8 13.1 ± 9.9 15.7 ± 9.7
Intra-observer intersession variability
Right CCA (n = 33) 3.3 ± 2.0 6.4 ± 4.1 6.8 ± 4.6 9.5 ± 5.7 10.7 ± 6.4 Left CCA (n = 33) 2.5 ± 1.4 8.8 ± 3.8 8.6 ± 6.9 9.9 ± 7.0 12.2 ± 8.1 Right CFA (n = 30) 5.4 ± 4.8 8.6 ± 5.1 17.5 ± 9.7 17.0 ± 11.7 21.7 ± 12.5
Data are presented as mean coefficient of variation (%) ± s.e. CCA = common carotid artery; CFA = common femoral artery.
smaller than in the CCA (P Ͻ 0.0001). In Table 4 CV of IA and IE variability of CC and CC for the three subgroups stratified according to the number of risk factors are presented. There were no significant differences between the three subgroups in CV of IA and IE variability of CC and DC. Dividing the whole group on basis of age, sex and BMI revealed no significant differences in reproducibility figures. In Figure 1 the absolute values of CC and DC for the three groups are presented. The figure shows a decrease of CC and DC of the right CCA in group B and C compared with group A (P Ͻ 0.05). DC of the right CFA decreased significantly when groups B and C were compared with group A. DC of the left CCA only decreased significantly when group A was compared with group C. Although CC of the left CCA and right CFA tended to decrease, these differences only showed statistical significance when CC of the right CFA in group C was compared with group A (P Ͻ 0.05).
Discussion
In our study there were no significant differences in IA and IE variability in heterogeneous groups with variable numbers of cardiovascular risk factors. Data are presented as means ± s.e. Between brackets the number of subjects is presented. CCA = common carotid artery; CFA = common femoral artery.
* P Ͻ 0.0001 vs both CCA; ** P Ͻ 0.05 only vs right CCA Table 4 Intra-observer intra-and intersession variability of compliance (CC) and distensibility (DC) in groups with 0(A), 1 (B) and more than 1 (C) cardiovascular risk factors Right CCA A (n = 13) 6.3 ± 4.0 6.2 ± 3.9 A (n = 13) 11.5 ± 7.2 9.3 ± 7.2 B (n = 9)
10.5 ± 6.1 8.6 ± 4.8
10.6 ± 6.9 11.1 ± 6.4 C (n = 12) 8.1 ± 3.8 11.9 ± 5.4
Left CCA A (n = 13) 8.7 ± 6.5 10.0 ± 5.6 A (n = 13) 9.6 ± 5.9 13.0 ± 6.2 B (n = 9) 6.8 ± 4.0 7.5 ± 4.3 B (n = 8) 10.6 ± 7.0 13.4 ± 10.1 C (n = 12)
9.4 ± 3. Measurements of dynamic vessel wall properties by a vessel wall movement detector system can thus be applied reliably to more heterogeneous populations. Using the technique of Hoeks and Reneman local CC of peripheral arteries can be determined. Whether determination of CC in isolated vessels is relevant to the compliance of the whole arterial system, in particular the aorta and large conduit vessels, is unclear. Reproducibility figures of CC and DC of the CCA (8-12%) were smaller than those of the CFA (13-22%). IA variability figures were smaller than those of IE variability. These figures are in close agreement with data presented in literature. 7, 14 Variability figures were worse for measurements of the CFA compared to dynamic vessel wall measurements of the CCA. The muscular CFA shows larger spontaneous variation of tone, being under permanent neurohumoral control, 15 together with the lack of beat-to-beat information of the ⌬P reproducibility figures will be negatively influenced. In our study ⌬P was repeatedly measured at the left brachial artery with a time interval of 3 min while D and ⌬D were determined beat-to-beat at the CCA and CFA.
Although upper arm BP shows resemblance with the BP determined at the CCA, 16 local differences in ⌬P at various superficial arteries have been described. 17, 18 These changes in ⌬P along the arterial tree are due to differences in pulse wave reflection. 17 Although measurements of ⌬P are imperfect we presume that the error is systematic and thus do not affect relevant comparisons between groups.
In our study the standard error for mean CC and DC of CCA varied between 5 and 8%. The standard error for mean CC and DC of CFA was larger ranging from 10 to 13%. In the study of Kool et al, 7 using the same ultrasound equipment and a similar protocol, the standard error for mean CC and DC of CCA and CFA were respectively 1-2% and 2-4%. D and ⌬D were measured in the CCA 2 cm proximal to the bulb. Definition of the point of measurement (at least 1 cm proximal to its division) for the CFA was more difficult because of its course with multiple and variable bends. In three subjects measurements of D and ⌬D of CFA could not be performed mainly because the artery was located more than 3.5-4 cm below the body surface. It is unlikely that differences in definition of points of measurement explain the larger standard error found in our study. The difficulty to define the point of measurement in the CFA may partly explain the larger variability in the CFA. The observed differences could not be explained by a learning effect because no significant differences (P = 0.13-0.80) were found when variability figures of the first 13 measurements performed were compared with the last performed 15 measurements. A more heterogeneous study population may explain the larger standard error of the mean. However no differences in IA and IE variability were found in groups with varying cardiovascular risk. Dividing the group on the basis of age, sex and BMI revealed no differences in reproducibility figures. Factors such as coiling and depth of the artery under investigation may be responsible for the spread in reproducibility figures. Absolute values of ⌬D, CC and DC of the CFA in our study were similar to those of Benetos et al 19 and smaller than those of Kool et al. 7 In literature there is a wide spread of absolute values of CC and DC of the CFA. It is controversial whether differences in age 19 or athletic capacity may be the explanation. 11, 20 Aged-related changes of dynamic vessel wall properties are evident in the CCA. 19 , 21 Benetos et al 19 did not find a significant correlation at the CFA. In our study age-related changes of dynamic vessel wall properties were evident at the CCA while at the CFA only a weak correlation was present (unpublished). Comparing dynamic vessel wall properties of cross-sectional studies it seems as if DC and CC decrease from the proximal elastic to the distal muscular arteries. 22 This is in accordance with our findings.
CC and DC of both CCA and CFA were lower in subgroups B and C when compared to A. Besides differences in number, type, severeness and duration of cardiovascular risk factors, absolute differences in age (although non-significant) and pulse pressures may have contributed to these findings.
Using the method described in this article no insight in the character of the cause of changes of vessel wall properties can be given. Other methods are required to clarify whether the found differences are due to structural and/or functional processes.
From the present study we conclude that reproducibility figures are not significantly altered by measuring a heterogeneous group with variable numbers of cardiovascular risk factors. This method can thus be used to compare local dynamic vessel wall properties in groups with increased cardiovascular risk. With increasing cardiovascular risk dynamic arterial wall properties decreased although absolute differences in age (non-significant) and pulse pressures may have contributed.
